The secretory and autophagic pathways are two fundamental, evolutionary highly conserved endomembrane processes. Typically, secretion is associated with biosynthesis and delivery of proteins. In contrast, autophagy is usually considered as a degradative pathway.
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1.The secretory pathway
The cytosol of eukaryotic cells is subdivided into many membrane-bound compartments, which allow these cells to spatially separate diverse cellular processes such as translation, transcription, or ATP synthesis. In addition, it allows cells to increase their membrane area without substantially increasing cell size. However, compartmentalization created the need to develop processes that allows organelles to exchange lipids and proteins, and to allow organelles to deliver their content to the extracellular milieu. This process of delivering and exchanging membranes and proteins is called secretion, and is one of the many functions of the secretory pathway.
The secretory pathway comprises an array of membrane-bound organelles that communicate via vesicular or tubular carriers ( Fig. 1A) . Groundbreaking work in the past decades has led to a profound understanding of the machinery that orchestrates protein trafficking between organelles. The original yeast genetics screens by the Schekman group identified (sec) mutants that exhibit defects in secretion (Novick and Schekman 1979; Novick et al. 1980 ). This screen provided us with a collection of genes that regulate various steps of protein biogenesis and trafficking. Secretory proteins are delivered to or integrated into the endoplasmic reticulum (ER) in a manner dependent on the signal recognition particle. The ER is a network composed of tubules and cisternae that extend from the nuclear envelop throughout the entire cytoplasm. The ER hosts a wide range of chaperones that assist in folding of newly synthesized proteins. These chaperones also act as quality control (QC) machinery that prevents the release of misfolded or immature proteins from the ER. The journey of secretory proteins begins after their release from the QC machinery, when they are packaged into COPII vesicles, which form at specialized ribosome-free regions of the rough ER called the ER exit sites (ERES; or alternatively referred to as transitional ER). The number of ERES per cell varies depending on the organism and the cell type. Mammalian cells typically have few hundred ERES that are distributed throughout the cell. They were shown to form de novo and to undergo fusion and fission and to respond to differences in cargo load (Stephens, 2003; Farhan et al, 2008) . ERES represent as clusters of tubules and vesicles on the ER and are currently viewed as the sole sites for the biogenesis of COPII vesicles. As will be discussed later they are gaining increasing attention as important sites for autophagosome biogenesis. 3 The core machinery required for a COPII coat is composed of five subunits: Sar1, Sec23, Sec24, Sec13 and Sec31 (Fig. 1A) . The initial step of COPII coat assembly is the recruitment of the small GTPase Sar1 by Sec12, its guanine nucleotide exchange factor (GEF) (Barlowe & Schekman, 1993) . Sec12 is a type-II transmembrane protein, which was recently shown to concentrate at ERES in a manner dependent on cTAGE5 and TANGO1 (Raote et al, 2017) . After activation of Sar1 by Sec12, the small GTPase associates with the ER membrane and recruits the hetero-dimeric Sec23/Sec24 complex. Sec23 (of which there are two isoforms in mammals) acts as a GTPase activating protein (GAP) for Sar1. Sec24 (of which there are 4 isoforms in mammals) acts as an adaptor for secretory cargo. Several binding sites on Sec24 in yeast and mammals were described to mediate the selective export of cargo from the ER Miller et al, 2003; Farhan et al, 2004; Mancias & Goldberg, 2008) . The Sar1-Sec23-Sec24 complex is often referred to as the pre-budding complex. Subsequently, a Sec13-Sec31 hetero-tetramer is recruited which forms the outer layer of the COPII coat, leading ultimately to budding of a COPII coated vesicle (Fig. 1A) .
In yeast, COPII vesicles ferry cargo directly to the Golgi. However, in mammalian cells, ER-derived secretory cargo passes first through the ER-Golgi intermediate compartment (ERGIC) , which represents as a cluster of vesicles and tubules (Appenzeller-Herzog & Hauri, 2006) . The ERGIC has been long debated for whether it represents a stable compartment, or whether it is merely a collection of carriers on their way to the Golgi. However, evidence from live cell imaging experiments (Ben-Tekaya et al, 2005; Jarvela & Linstedt, 2012) as well as recent reports on the role of the ERGIC in autophagy (see below) suggest that the ERGIC is a genuine compartment that is located along the bidirectional ER-Golgi trafficking route. It is still enigmatic how secretory cargo leaves the ERGIC towards the Golgi.
The Golgi is the last station of what we know as the early secretory pathway. In most cell types the Golgi represents as a stack of flattened cisternae that are divided into three subcompartments, namely the cis-, medial-and trans-Golgi. In plants, worms, flies, or Pichia, several such Golgi stacks exits, typically in close vicinity of the ERES forming a secretory unit. In mammalian cells, several Golgi stacks connect via lateral anastomoses to form the Golgi ribbon. In light microscopy, the Golgi ribbon appears as a single copy organelle located in the center of the cells closely associated with the centrosome. The Golgi is a major hub for post-translational protein modification, for protein and lipid sorting and for cellular signaling.
Moreover, the Golgi plays an important role in cell polarity and cell migration.
Autophagy
Autophagy is a term referring to a self-eating process, introduced for the first time by de Duve at Ciba foundation symposium in 1963. Although the term "autophagie" was coined a century earlier by M. Anselmier to describe the response of animals to starvation (Ktistakis, 2017) , it was de Duve who was the first to use it to describe a cellular process whereby a membrane-bound structure (the autophagic vacuole) engulfs recognizable cytoplasmic components (De Duve & Wattiaux, 1966) . The term autophagosome was later introduced to describe vesicular elements associated with what was then called the autophagic vacuole.
Groundbreaking yeast genetic studies in the 1990s identified the Atg genes as the machinery that regulates biogenesis and trafficking of autophagosomes (Takeshige et al, 1992) .
Orthologs of ATG genes in different species were subsequently identified leading to fairly solid understanding of the fundamental steps of autophagy, which will be introduced very briefly below.
Autophagy may be classified into three main classes: macroautophagy, microautophagy, and chaperone-mediated autophagy (CMA). CMA describes the translocation of cytosolic proteins across the lysosomal membrane and microautophagy involves the uptake of cytosolic proteins into lysosomes by invagination. The bestcharacterized type of autophagy that will be dealt with in this review is macroautophagy (hereafter referred to as autophagy), of which two basic subtypes exist: non-selective (bulk) and selective autophagy. Both subtypes share a common hierarchically organized machinery ( Fig. 1B) . Non-selective autophagy is a process where cells engulf a portion of their cytoplasmic content in response to deprivation of nutrients (Mortimore & Schworer, 1977; Takeshige et al, 1992) . Thereby cells are able to recycle building blocks (e.g. amino acids) and compensate for the lack of nutrients. Being a bulk response to starvation, autophagy was considered non-selective toward its substrates. However, it is now clear that autophagy also occurs under homeostatic conditions, in the absence of any nutrient deprivation. This response is specific to degradation of selected cellular components and therefore called selective autophagy (Fig. 1C ). Depending on the type of cargo, selective autophagy mediates the degradation of protein aggregates (Aggrephagy), damaged organelles such as peroxisomes (Pexophagy), the ER (ER-phagy) or mitochondria (Mitophagy) (Farré & Subramani, 2016; Svenning & Johansen, 2013) .
The first step in building an autophagosome is the formation of double-membrane structure called the phagophore or isolation membrane, which will grow and engulf (selectively or unselectively) the autophagic cargo. In yeast, this tales place at the phagophore assembly site (PAS). In mammals the closest analogous structure is the omegasome (Axe et al, 2008) , a PI3P positive structure that stains positive for a protein called DFCP1. Autophagosome biogenesis is orchestrated by a conserved machinery that is subdivided into different, mostly cytosolic, complexes that are recruited in a hierarchical manner during the biogenesis of autophagosomes (Fig. 1B) . This machinery interacts with membranes, phosphorylates and shapes them to generate an autophagosome (Carlsson & Simonsen, 2015) .
There are two initiation complexes that are of central importance: the ULK1 (unc-51-like autophagy activating kinase 1) complex (Atg1 in yeast) and the class III PI 3-kinase complex I (PI3KC3-C1). Mammalian ULK1 belongs to a family of four Ser/Thr kinases (ULK1-4) and forms a complex together with the non-catalytic subunits ATG13, ATG101, and FIP200. In yeast Atg1 forms a complex with Atg13, Atg17 and the yeast-specific subunits Atg29 and Atg31. The activation of the ULK1/Atg1 complex is still a subject of intense investigation, but there is consensus that inhibition of mTORC1 is a strong stimulus.
The class III phosphatidylinositol 3 kinase complex is recruited immediately downstream of ULK1/Atg1. The complex is composed of the PI3-kinase Vps34/PIK3C3, Atg14/ATG14L, Atg6/Beclin-1, and Vps15/PI3R4. Formation of PI3P on the ER is required for recruitment of WIPI2 (Atg18 together with Atg2 in yeast). This paves the way for conjugation of ATG8 (six members in mammals and one in yeast) to phosphatidylethanolamine (PE) in the isolation membrane. This is achieved via the ATG12 conjugation complex composed of ATG12, ATG5 and ATG16L1.
Non-selective autophagy may be divided into initiation, elongation/expansion of the isolation membrane followed by completion and subsequent fusion of the autophagosome with the lysosome. Selective autophagy requires an additional step where an autophagy receptor is recruited that mediates the sorting of the autophagic cargo into the autophagosome.
The first selective autophagy receptor was the mammalian protein p62 (SQSTM1) (Bjørkøy et al, 2005; Pankiv et al, 2007) and was shown to be responsible for the degradation of ubiquitylated proteins. Later, p62 was also shown to be involved in the autophagic clearance 6 of Salmoenlla (Zheng et al, 2009 ). This autophagy receptor contains an ubiquitin-binding domain to recognize ubiquitylated cargo destined for degradation. In addition, it contains a LC3-interaction region (LIR) that mediates the interaction with the nascent autophagosome. A wide range of LIR-containing autophagy receptors was identified and shown to mediate different types of selective autophagy (for a detailed list see Svenning & Johansen, 2013) .
Thus, the ability to bind to LC3 appears to be crucial for linking cargo and the autophagosome.
While there is only one Atg8 isoform in yeast, mammals have six Atg8 family members known as the light chain 3 (LC3) or γ-aminobutyric acid (GABA)-receptor-associated protein (GABARAP) proteins (Slobodkin and Elazar, 2013; Weidberg et al, 2010) . It remains to be fully understood how these different LC3 variants contribute to the specificity of selective autophagy. A role for the autophagic cargo itself in regulating (or even inducing) autophagy has recently been discussed (Zaffagnini & Martens, 2016) . Finally, selective autophagy was also shown to be regulated by kinase signaling as in the case of the autophagy receptor optineurin. As other receptors, optineurin contains a LC-3 interacting domain as well as an ubiquitin-binding region. Upon infection with Salmonella, inflammatory signaling phosphorylates optineurin, which increases its ability to bind ubiquitiylated cargo (Wild et al, 2011) .
The link between autophagy and the secretory pathway
In analogy to metabolic pathways, the secretory pathways may be compared with of as a biosynthetic (i.e. anabolic) process, while autophagy could be considered a degradative (i.e. catabolic) process. Anabolic and catabolic pathways are usually intimately linked and intertwined, and likewise, there is mounting evidence that the secretory and autophagy pathways are closely associated. Two features are recurrent when considering this link: firstly, membranes of the secretory pathway serve as sources and platforms for autophagosome biogenesis. Secondly, there are several proteins that are shared between these two pathways and we have coined the term "multi-tasking proteins" to describe this phenomenon (Farhan et al, 2017) . Below, we will review the role of the secretory pathway as a source or platform for autophagosome biogenesis with emphasis on the ER, ERES, ERGIC and the Golgi. We will also highlight for each of these compartments proteins that multitask between both endomembrane pathways. 
The ER as a source for autophagosomes
The secretory pathway represent the largest source of membranes within the cell. The quest for the source of membranes for autophagosome biogenesis kept the scientific community busy ever since. The ER is the largest organelle in cells and therefore, it is not surprising that this organelles was the first that was considered a membrane source of autophagosomes. Before, the ER was clearly implicated in the biogenesis of autophagosomes, two models were discussed: the assembly model suggested that autophagosomes assemble de novo from localized lipid synthesis or transport. On the other hand, the maturation model suggests that autophagosomal membranes originate from the ER (or another organelles) (Juhasz & Neufeld, 2006) . Nowadays, there is compelling evidence that the ER is a major source of autophagosomes. Using imaging experiments, several autophagic proteins were found to localize to the ER, to be active there and to undergo cycles of binding and unbinding, implying active recruitment. Isolation membranes were found to emerge from an omegasome (named because of their omega-shape), and to recruit DFCP1, a protein with a FYVE domain that allows it to bind PI3P enriched membrane regions (Axe et al, 2008) . Besides live imaging microscopy of fluorescent protein, electron tomography provided further strong evidence for the involvement of the ER in autophagosome formation (Hayashi-Nishino et al, 2009; Ylä-Anttila P et al, 2009) . A subdomain of the ER was shown to form a curved structure that encircles the isolation membrane between two ER cisternae. Notably, this structure was continuous with the ER network, which led the authors to suggest that this ER subdomain acts as a 'cradle' for the biogenesis of the autophagosome. Later, this structure was shown to be positive for DFCP1 (Hamasaki et al, 2013) . This tempts to speculate that this "cradle" is identical to the omegasome, but this has to be formally demonstrated. Another protein enriched at this structure is ATG14L (also called Barkor), which is part of the PI3-kinase complex and represents the targeting factor for PI3KC3 to the autophagosome membrane (Matsunaga et al, 2010) . ATG14L uses a hydrophobic amphipathic helix to bind to autophagosomes. Importantly, this domain was proposed to induce curvature (Fan et al, 2011) , thereby linking the formation of a PI3P-rich membrane patch to induction of curvature that might be important for formation of the isolation membrane or the omegasome. The ULK1 kinase was also shown to associate with the growing omegasome and to dissociate from it after it reached a certain size (Karanasios et al, 2013) . These cycles of binding and dissociation imply a regulated mode of recruitment of ULK1 to this ER subdomain. ULK1 was long thought to be selective for autophagy. Recently, the Kundu group showed that 8 ULK1/2 are capable of phosphorylating Sec16A, a scaffold protein that facilitates the biogenesis and maintenance of ERES (Sprangers and Rabouille, 2015; Joo et al, 2016) . This phosphorylation was shown to be required for ER export of a specific set of cargo proteins.
Sec16A phosphorylation by ULK1/2 occurred under condition where autophagy was not induced, indicating that this represents a novel function of ULK1 unrelated to autophagy.
Future studies are needed to determine why and how the ULK1-Sec16A signaling axis controls exit of a selective set of cargos and whether it plays any role in autophagy. ULK1 was more recently found to phosphorylate the COPII component Sec23A .
Contrary to its effect on Sec16A, ULK1 phosphorylated Sec23A mainly under conditions of active autophagy and this phosphorylation was linked to a morphologic change of ERES under amino acid starvation (i.e. activation of macroautophagy). ULK1 phosphorylates Sec23A on two residues, which regulates its interaction with Sec31A. The conclusion from these two papers might be that a switch from anabolic to catabolic conditions redirects ULK1 from a pro-secretion kinase (via Sec16A phosphorylation) towards an autophagy regulating kinase that shuts down secretion (Joo et al, 2016; Gan et al, 2017) . Whether this interpretation is true and how this switch is regulated remains a topic for future investigations on this "multitasking" role of ULK1/2. In addition, it will be important to elucidate whether there are two distinct pools of ULK1/2, or whether a common pool of these kinases regulates both autophagy and/or secretion.
The ER is known to form contact sites with multiple other organelles and membranes.
These contact sites were also shown to act as potential nucleation sites for autophagosomes. ER-mitochondria contact sites (ERMCS) are physical contacts between these two endomembranes, which are important for various processes such as mitochondrial fission or lipid transfer (Rowland & Voeltz, 2012) . Using a combination of live fluorescence imaging and electron microscopy, ATG14L was found to localize to ERMCS upon the induction of autophagy in a manner dependent on the ER-resident SNARE protein syntaxin 17 (Hamasaki et al, 2013) . More recently, ER-plasma membrane contact sites were shown to act as platforms for the biogenesis of autophagosomes. Markers of autophagy are recruited to sites enriched in the tethering extended synaptotagmins (E-Syts), which are located on ER-PM contact sites (Nascimbeni et al, 2017) . Silencing of E-Syt expression negatively affected autophagosome biogenesis. This supports the notion that autophagosomes are not only generated on the ER itself, but that contact sites of this organelles with other membranes are of relevance for autophagosome biogenesis. 
ERES and COPII components in autophagosome biogenesis
Exit from the ER occurs at ERES, which exhibit constant formation of transport carriers. The observation that functional ERES are important for autophagosome formation led to the identification of a number of proteins that play a dual role in autophagy and ER exit.
For instance, the small GTPases Rab1 (Ypt1 in yeast), which was shown to be important for both processes, exerts its dual role at or in close vicinity to ERES (Zoppino et al , 2010) .
Saccharomyces cerevisiae strains with defects in genes important for COPII vesicle formation exhibit impairment in the ability to generate autophagosomes (Ishihara et al., 2001; Reggiori et al., 2004) . The same appears to be true in mammals, where alteration of the function of the small GTPase Sar1 results in strong defects in autophagy (Zoppino et al , 2010) . This defect appears to be at very early stages of autophagy, because alterations of COPII function decreases the number of puncta positive for DFCP1, indicating a defect in omegasome formation. Recently, two models were proposed to explain the role of ERES in autophagy (Sanchez-Wandelmer et al, 2015) . According to model-I, ERES act as donors of membranes via vesicular traffic (Fig. 2) . In model II ERES serve as a platform or scaffolds for autophagosome biogenesis (Fig. 2) . Strong support for model-I comes from work in yeast on the roles of TRAPP complexes and Ypt1 and we will therefore briefly introduce these. The small GTPase Ypt1 (Rab1A in mammals) is regulated by three different multiprotein complexes that act as a GEF. These are referred to as the transport protein particle I (TRAPPI), TRAPPII and TRAPPIII. TRAPPI regulates ER-to-Golgi transport by mediating tethering of COPII vesicles (Cai et al, 2007) , TRAPPII regulates intra-Golgi transport (Yamasaki et al, 2009 ) and TRAPPIII appears to be the autophagy specific GEF for Ypt1 (Lynch-Day et al, 2010) . Depending on which TRAPP complex it associates with, the action of Ypt1 can be targeted towards autophagy or secretion. The TRAPP complex is composed of shared "core" subunits as well as subunits specific to the individual complexes. Thus, it is conceivable that the specificity of a TRAPP complex for autophagy or secretion may change by simply exchanging a single subunit. The TRAPPIII specific subunit Trs85 guides the complex to the phagophore assembly site to locally activate Ypt1 (Lynch-Day et al, 2010), recruit Atg1 (ULK1 in mammals) and to initiate the formation of the phagophore (Wang et al, 2013) .
Taking together the role of TRAPP complexes in COPII vesicle tethering and in autophagy, we might speculate that ERES act as donors of membranes (COPII vesicles) to which TRAPPIII is recruited, which in turn will activate Ypt1 and Atg1. A recent paper by the Ferro-Novick group further supports this model, by providing a mechanism how COPII vesicles are diverted towards autophagy. During autophagy, Sec24 becomes phosphorylated, which facilitates its interaction with Atg9 (Fig. 2) , a transmembrane protein required for the initiation of autophagy (Davis et al, 2016) . These ATG9 containing membranes may either be already formed autophagosomes, or are precursors for autophagosomes. Notably, Atg9positive vesicles were shown to be able to recruit TRAPPIII . Finally, ER-derived membranes positive for the yeast SNARE protein Ufe1 were shown to be delivered to Atg9-positive structures (Lemus et al, 2016) . The membrane donor model (referred to as model-I above) appears to be strongly supported by data obtained from work in yeast. However, the situation is less clear in mammals. While the autophagy-specific role of TRAPPIII in yeast was well established, its role in mammals remained poorly understood, mainly because the composition of mammalian and yeast TRAPPIII are not identical, because the yeast Trs85 subunit is absent in mammals.
TRAPPC12, which has no yeast ortholog, was proposed as a TRAPPIII specific subunit in addition to TRAPPC8 (Behrends et a, 2010) . Recently, TRAPPIII was shown to exert clear functions on the secretory pathway. Depletion of TRAPPC12 resulted in a reduction in the number of ERES per cell, dispersion of the Golgi and the ERGIC and an inhibition of ER-to-Golgi transport (Zhao et al, 2017) . Depletion of TRAPPC12 was also shown to negatively affect autophagy (Behrends et al, 2010) . Thus, in mammals TRAPPIII appears to have functions on both the autophagic and the secretory pathway. Given the importance of ERES for autophagy (Zoppino et al , 2010) , the question arises of whether the initially observed effects of TRAPPIII on autophagy are indirect consequences of its effects on ERES. An interesting observation was that the effect of TRAPPC12 depletion on the ERGIC could be partially rescued by an inhibition of autophagy, indicating that TRAPPC12 depletion primarily affects ERES function, while autophagy still continues to consume the ERGIC. Subsequent defects in autophagy (observed at later stages) are then a consequence of alterations of ERES function. Clearly more work is needed to clarify the precise role of TRAPPIII (and other TRAPP complexes) in autophagy and secretion. In addition, a phosphorylation-dependent re-routing of COPII vesicles for autophagy has yet to be demonstrated for mammalian Sec24 in analogy to yeast (Davis et al, 2016) . Yeast Sec24 was phosphorylated on 3 threonine residues (T324/T325/T328), but these are moderately conserved in mammalian Sec24A (2 out of 3 residues), but not in the other Sec24 isoforms.
Moreover, ERES in mammalian cells are morphologically very different from yeast. In mammalian cells, ERES are ribosome-free regions of the rough ER that are about 600 nm in diameter (Zeuschner et al, 2006) , while in yeast ERES are defined as stochastic sites where COPII vesicles are formed. Thus, we might assume that ERES in mammals may represent platforms for the assembly of the autophagy machinery, which is in line with the aforementioned model-II (Sanchez-Wandelmer et al, 2015) . The two models (ERES are either membrane donors or assembly platforms) might be considered alternative, mutually exclusive explanations for the role of ERES in autophagy. However, we favor the view that both pathways coexist in cells. Using a proteomic approach to map the interactome of core autophagy and COPII components, several interactions between these two machineries were identified indicating that physical and functional links between autophagy and ER export may exist (Graef et al, 2013) . Therefore, we might speculate that upon induction of autophagy, the COPII components (and associated proteins such as Sec16) serve as recruiters for the autophagy machinery to the ER membrane. This is supported by the notion that COPII components are also capable of interacting with TRAPP complexes. Another example of a multitasking regulator is tectonin β-propeller-containing protein 2 (TECPR2), which regulates autophagy by binding to LC3 (Behrends et al., 2010; Oz-Levi et al., 2012) . Recently, TECPR2 was shown to interact with Sec24D and to regulate ERES number as well as ER-to-Golgi trafficking (Stadel et al, 2015) . This finding could also be interpreted such that TECPR2 forms a platform at the ER, switching between being an ER export or autophagy regulator, but the mechanism how this switch is regulated remains to be determined in the future. Finally, an elegant study used live cell imaging, super-resolution microscopy and correlative light electron microscopy to investigate the earliest detectable autophagy-related structure, a punctum positive for ULK1 and ATG13. The authors showed that this ATG13 punctum forms on ER regions that later become positive for ATG9 vesicles (Fig. 2) and that this structure is dependent on functional ER export (Karanasios et al, 2016) . However, another observation was that only 30% of these autophagy nucleation sites emerged in association with the ERES marker Sec16A, suggesting that ERES only partially account as platform for autophagosome nucleation (Karanasios et al, 2016) . Thus, it is very likely that both models are true, namely, that ERES act as platforms for autophagosome assembly as well as donors of membranes for autophagy.
The coordination of secretion and autophagy is likely to occur at the level of signaling.
ERES components were shown to be phosphorylated by several kinases that regulate the number and function of ERES. The atypical mitogen activated protein kinase MAPK15 was shown to negatively regulate secretion under starvation, in a manner dependent on signaling to Sec16 (Zacharogianni et al, 2011) . MAPK15 was also shown to induce autophagy through direct interaction with LC3 (Colecchia et al, 2012) . Thus, MAPK15 plays a role in turning secretion down, and inducing autophagy under catabolic conditions.
The role of the ERGIC in autophagosome biogenesis
As mentioned earlier, the ERGIC is a compartment that was found so far only in mammalian cells and is located on the crossroad of bidirectional ER-Golgi traffic. The identity of the ERGIC as a genuine compartment was controversially discussed, which partly stem from the fact that it was difficult to assign a function to it besides being a sorting station.
In recent years, the ERGIC has become increasingly appreciated as a source for autophagosomes. Using a cell-free assay on fractionated membranes to determine which organelle support lipidation of LC3, the ERGIC was found to represent a major source of autophagosomes in vitro (Ge et al, 2013) . Conditions that disrupted ERGIC formation, also negatively affected autophagy. However, it has to be stressed that these were all conditions that negatively affect COPII/ERES function. Thus, the observation that ERES might act as donors of membranes for autophagosomes might simply be due to the fact the ERES generate the ERGIC, which in turn donates membranes for autophagosomes. Such an interpretation is further corroborated by more recent findings by the same group. Using super-resolution microscopy, the authors find that ERES and the ERGIC undergo structural rearrangements that lead to a relocation of Sec12 (the GEF for Sar1) to the ERGIC (Ge et al, 2017) . The authors suggest that this might lead to biogenesis of COPII vesicles from the ERGIC under conditions of active autophagy. While this model appears thought provoking, an alternative possibility might be that the ERGIC collapses back to ERES under autophagy conditions, making this new ERES/ERGIC hybrid a source for autophagosomes. In fact, it was recently shown that ERGIC membranes are recruited to ERES when these are challenges with collagen (Santos et al, 2015) . This shows the principle ability for such a coalescence between ERES and ERGIC, and opens the possibility that this might also happen under conditions of active autophagy. 
The role of the Golgi and Golgi-derived vesicles in autophagosome biogenesis
Proteins arriving to the Golgi from the ER/ERGIC are either re-routed back to the ER in COPI vesicles, or may traffic to post-Golgi compartments such the endolysosomal system, the plasma membrane or the extracellular space. A role for components of the COPI coat has been proposed in the regulation of autophagosome biogenesis (Karanasios et al, 2016) . The quest for this has been motivated based on the observation that blocking ER export with FLI06 (Krämer et al, 2013) only partially attenuated the formation of ATG13 puncta (i.e. autophagosome nucleation sites) (Karanasios et al, 2016) . The effect was much more pronounced when combined with an inhibition of COPI function through treatment with brefeldin A or the knockdown of coatomer components. Alteration in the function of COPI alone resulted in a slight reduction in the number of starvation-induced autophagosomes, but the amount of lipidated LC3 increased, which suggests that COPI depletion affects the flux of autophagosomes (Karanasios et al, 2016) . The authors went to analyze this phenomenon in greater detail and found that COPI plays a role in the elongation of autophagosomes by promoting the assembly or recruitment of the lipidation machinery for LC3. Strikingly, WIPI2 was misdirected to ring-like structures that did not associate with autophagosomes in starved cells. A general problem in all experiments that rely on alteration of COPI is that many of its effects are potentially indirect consequences of alterations of ERES. For instance, treatment with brefeldin A increases cargo load at ERES and increases their size (Farhan et al, 2008) and thereby might alter the ability to generate autophagosomes because the ERES become "busy" dealing with the challenge of increased cargo. Another consequence of the loss of COPI function is the alteration of early endosome function, which has been causally linked to an inhibition of autophagy (Razi et al, 2009 ). Thus, COPI trafficking appears to regulate autophagy through multiple mechanisms. However, does autophagy regulate COPI trafficking?
So far, this is only a theoretical possibility, but there is some evidence in the literature to suggest that this might be the case. The PI3P-binding protein UVRAG localizes to the ER of unstressed cells, where it assembles into a RINT-1-containing tethering complex that regulates the arrival of COPI vesicles to the ER (He et al., 2013) . Activation of autophagy results in dissociation of UVRAG from the RINT-1 complex, and subsequent mobilization of ATG9 from the Golgi (He et al., 2013) . Thus, the function of the COPI arrival structure to the ER might be compromised under autophagic conditions, but this has to be studied in greater detail. Upon infection with bacterial pathogens GABARAPs, in particular GATE-16, were 14 shown to interact with and activate Arf1, the GTPase that regulates COPI vesicle biogenesis (Sasai et al, 2017) .
ATG9 is the only multispanning transmembrane protein among the autophagy core machinery proteins and as such is thought to be involved in arriving in vesicles to preautophagosome structures. ATG9-positive vesicles are derived from trans-Golgi network (TGN), and are known to be necessary for autophagy. In yeast, Atg9 becomes part of the autophagosome, but is recycled before the autophagosome fuses with the vacuole . Yeast Atg9 is also directly phosphorylated by Atg1 (ULK1 in mammals), which has been shown to be necessary for biogenesis of autophagosomes (Papinski et al, 2014) . In mammals, ATG9 does not seem to become part of the autophagosome itself (Orsi et al, 2012) .
Rather, ATG9 is proposed to deliver membranes from the Golgi and the early endosome towards sites of autophagosome biogenesis. Of note, these ATG9 vesicles appear to be targeted to ER, which itself is proposed to act as a membrane donor for autophagy. Future work needs to clarify the functional importance of these Golgi-derived membranes at the ER, which might be in supplying a different type of (phopho)lipids. Recently, these ATG9containing vesicles have been immunoisolated and found to be smaller than other vesicles involved in ER-Golgi trafficking (e.g. ATG9 vesicles are on average 42 nm in diameter while COPII vesicles are 60-80 nm). Proteomic analysis of these vesicles showed that they contain Rab1B, which is absent from the TGN and endosomal compartment, and indicates that it is acquired along the trafficking route of ATG9 vesicles towards the site of autophagy induction (Kakuta et al, 2017) . This is supported by the finding that Rab1B is required for phagophore formation (Kakuta et al, 2017) . Our understanding of the precise role of ATG9 in autophagy is further complicated by the finding that ATG9 traffics from the plasma membrane to the recycling endosome (Puri et al, 2013) . There, ATG9 containing membranes fuse with the ATG16L1 compartment and thereby ATG9 helps ATG16L1 exit the recycling endosome and thus destines these membranes for the biogenesis of autophagosomes (Puri et al, 2013) .
A connection between the Golgi and autophagy was recently postulated in the context of hepatitis C virus (HCV) infection. HCV entry into cells activates the Golgi localized immunity-related GTPase M (IRGM), which results in Golgi fragmentation (Hansen et al, 2017) . IRGM also activates ULK1 and thereby induces autophagy, which provides the first evidence for a Golgi-based signaling regulator that activates autophagy (Hansen et al, 2017) .
Structural integrity of the Golgi might be directly linked to autophagy based on the observation that the Golgi matric protein GM130 interacts with the Atg8 homolog GABARAP, which renders it unavailable for autophagy. Upon starvation, GM130 binds to a protein called WAC, which sets GABARAP free and thus available to reach the phagophore.
The localization of mammalian ATG9 to the Golgi was recently shown to be regulated by kinase signaling. The N-terminus of ATG9 was shown to interact with the adaptor protein complexes AP1/2 (Zhou et al, 2017) . In the absence of this interaction, ATG9 is misrouted to the plasma membrane. Notably, the AP1/2-ATG9 interaction is regulated by phosphorylation by the SRC tyrosine kinase and accordingly, EGFR-mediated activation of SRC promoted localization of ATG9 to the TGN (Zhou et al, 2017) . However, this phosphorylation alone is not sufficient to regulate autophagy, but requires an additional phosphorylation of ATG9 by ULK1 (Young et al, 2006; Zhou et al, 2017) .
Secretory autophagy
The links between secretion and autophagy were so far discussed exclusively for the conventional secretory pathway, which deals with proteins that harbor a signal peptide and are therefore capable of entering the ER. While this accounts for roughly a third of the cellular proteome, there is a small, but growing number of cytosolic proteins that are secreted and have no signal peptide. This is referred to as unconventional secretion. Mounting evidence from the past few years suggests that autophagy plays a key role in this type of secretion and this has led to the term secretory autophagy (for a detailed review see Ponpuak et al, 2015) .
As highlighted above, classical autophagy is a mechanism to degrade cytosolic proteins. The finding that autophagy also contributes to secretion, might be viewed as just another way for the cell to get rid of cytosolic proteins via autophagy. This might be supported by the observation that autophagy-dependent secretion of α-synuclein is enhanced when autophagosome-lysosome fusion is inhibited (Ejlerskov et al, 2013) . However, this view is not fully correct because most proteins secreted through secretory autophagy are typically not misfolded, aggregated, aged or superfluous. Rather, secretory autophagy is a mechanism by which the cell secrets functional proteins for para-or autocrine signaling. Thus, secretory autophagy is a form of unconventional secretion (Rabouille et al, 2012) that is important for cellular communication. The analogy of secretory autophagy and unconventional secretion is supported by the finding that Golgi matrix proteins of the GRASP family play a role in both unconventional secretion as well as in secretory autophagy in mammals, yeast and Dictyostelium (Rabouille et al, 2012; Kinseth et al, 2007; Duran et al, 2010; Manjihaya et al, 2010) . One of the first and most studied examples of unconventional secretion is IL-1β was also found to be secreted in a manner dependent on ATG5 (Dupont et al, 2011) , thus underscoring the notion that secretory autophagy is part of the unconventional secretory pathway.
Little is known so far on the machinery that determines whether an autophagosome will be degradative or secretory. This could be achieved through the acquisition of different vesicles fusion proteins as has been shown in yeast where secretory autophagosome requires the Sso1 SNARE protein to fuse with the plasma membrane while degradative autophagosomes require VAM7/VAM3 to fuse with the vacuole (Duran et al, 2010) .
Differences seem to also exist at the level of biogenesis, as secretory autophagy was reported to be associated with a specialized membrane microdomain identified in yeast called compartment for unconventional protein secretion (CUPS) identified by the Malhotra group (Bruns et al, 2011) . CUPS form under glucose-starvation in close vicinity to ERES, but are devoid of any markers of he ER. CUPS are required for the secretion of Acb1 via the unconventional route. Notably, CUPS biogenesis is not affected by rapamycin, a classical autophagy-inducing stimulus (Bruns et al, 2011) . However, later work showed that starvation does induce CUPS formation (Cruz-Garcia et al, 2014) , suggesting that CUPS might also represent a specialized form of degradative autophagosomes. In striking difference to classical autophagy nucleation sites, CUPS biogenesis was COPII independent, but instead the membrane source appears to be the Golgi and the TGN or endosomal compartments (Cruz-Garcia et al, 2014) . More work is needed to clarify the definitive role of CUPS in yeast and to understand the fate of autophagosomes generated from CUPS.
Regardless of their true nature in yeast, there is no evidence that CUPS exist in mammalian cells. However, CUPS are structurally very similar to omegasomes because both are induced by starvation and are enriched in PI3P and Atg proteins (Axe et al, 2008; Cruz-Garcia et al, 2014; Bruns et al, 2011) . Therefore, mammalian cells do not have a dedicated source for secretory autophagosomes. This leads us to conclude that specification of autophagosome fate is determined at a later stage. This is supported by the finding that whereas Rab8a is involved in secretory autophagy (Dupont et al, 2011) , its close homolog Rab8b appears to be more important for maturation of the degradative autophagosome (Pilli et al, 2012) . Further clarification of how secretory autophagy diverges from degradative autophagy came from a study on the secretion of IL-1β. In response to lysosomal damage IL-1β is recognized by a special autophagy cargo receptor TRIM16, which sorts IL-1β into the unconventional secretory pathway (Kimura et al, 2017) . TRIM16 interacts with the SNARE protein Sec22b, and recruits IL-1β to LC3-positive membranes. Sec22b then pairs with syntaxin 3&4 at the plasma membrane to mediate secretion of IL-1β, thus showing that secretory autophagy uses a dedicated vesicular fusion machinery that is different from the degradative route that is dependent on syntaxin 17 (Kimura et al, 2017) .
What are the roles of secretory autophagy in general biology or in diseases? A role for secretory autophagy in intestinal antimicrobial defense was recently demonstrated. During bacterial infections, Paneth cells secret lysozyme to, which limits bacterial invasion. However, invading bacteria alter the functional organization of the secretory pathway, to inhibit lysozyme secretion. Secretory autophagy was discovered as an alternative pathway that mediates lysozyme secretion under conditions of altered conventional secretion (Bel et al, 2017) . Secretory autophagy was triggered by ER stress and required secretion of IL-22 by innate lymphoid cells. Importantly, secretory autophagy was disrupted in Paneth cells expressing Atg16L1 mutants linked Crohn's disease. The potential importance of this finding is that it might explain why mutations found in patients with Crohn's disease often affect the ER stress response and autophagy.
Because the clients of secretory autophagy are functional proteins, it is likely that it is involved in intercellular communication. Cancer associated fibroblasts (CAFs) play an important role in tumor progression, and their secretome has been proposed to promote the growth neighboring cancer cells (Hernandez-Fernaud et al, 2017) . Secretory autophagy of CAFs has recently been demonstrated to control the progression of head and neck squamous cell carcinoma (New et al, 2017) . Secretory autophagy seems to control the secretion of several cytokines such as IL-6 and IL-8. Therefore, autophagy appears to play non-cell autonomous roles in cancer.
The role of the crosstalk between autophagy and secretion in diseases
Our understanding of the links between the autophagy and the secretory pathway is still sketchy, and therefore we will limit this section to hypothesize about potential involvement of this crosstalk in diseases. Both the secretory as well as the autophagic pathway are well known to be involved in many diseases such as cancer, neurodegeneration or autoimmune disorders (Galluzzi et al, 2015; Fan et al, 2008; Menzies et al, 2017) . Recently, a cargo of the secretory autophagy pathway, IL-6, was shown to be involved in tumor cachexia (Pettersen et al, 2017) . IL-6 itself was found to induce autophagy in myotubes, which might explain the muscular atrophy in cachectic patients. Serum of cancer patients was found to induce autophagy, which indicates the potential presence of additional factors that are involved in this mechanism. We propose here the following theoretical scenario that requires experimental validation: secreted factors in the serum of cancer patients induce autophagy, thereby inducing secretory autophagy to secret IL-6, which in turn exacerbates systemic autophagy and promotes cachexia. Another example for a role of secretory autophagy in cancer, came from work by the Debnath group, who showed that autophagydependent secretion of IL-6 and the protease MMP2 is an important determinant of the invasive and metastatic potential of Ras-transformed cancer cells (Lock et al, 2014 ).
Knockdown of core autophagy genes was found to decreases invasion, cell motility, and reduces pulmonary metastases, which could be reversed by culturing these knockdown cells in conditioned media of autophagy-competent cells.
Autophagy has been shown to play a crucial role in the defense of epithelial cells against invading pathogens, such as Salmonella or Legionella (Kohler & Roy, 2017) . The autophagy receptor optineurin was previously shown to regulate the ability of cells to clear Salmonella infections (Wild et al, 2011) . Optineurin is a further example for a multitasking protein, as it is also known to regulate trafficking of post-Golgi vesicles (Bond et al, 2011) .
Mutations of optineurin (in particular the E50K mutation) were shown to be associated with normal tension glaucoma and retinopathies (Rezaie et al, 2002; Chi et al, 2010) .
Mechanistically, this is (at least patially) due to an inability to bind to Rab8 at the trans-Golgi (Chi et al, 2010) . Whether autophagy plays a role in these diseases is not known, but we may speculate about this possibility in particular since the small GTPse Rab8 that recruits optineurin to the Golgi, was also shown to be involved in degradative as well as secretory autophagy (Dupont et al, 2011; Pilli et al, 2012) . Infection with Salmonella, results in major structural rearrangements of the endomembrane system such as the formation of a Salmonella containing vacuole (SCV) at early stages of infection and large filamentous structures called Salmonella-induced filaments (SIFs) at later stages (Liss & Hensel, 2015; Personnic et al, 2016) . Such structural rearrangements are only possible because the pathogen is using the host trafficking machinery to sculpt membranes and form its replication niche. Rab1 has been introduced above to exert a dual role in autophagy and secretion. Rab1 was shown to be critical for mounting anti-bacterial autophagic defense against Salmonella and this effect was 19 reported to be independent of its effects on ER-Golgi trafficking (Huang et al, 2011) .
Salmonella and Legionella evade autophagy largely by replicating within membrane-bound vacuoles. However, Legionella appears to go one step further as its effector Lpg1137 was recently shown to proteolytically cleave syntaxin 17 and thereby disrupt ER-mitochondria contact sites (Arasaki et al, 2017) that were previously shown to be involved in biogenesis of autophagosomes (Hamasaki et al, 2013) . Thus, Legionella is capable of sculpting ER membranes to create its replication niche and at the same time blocks autophagosome formation.
Another spectrum of diseases very frequently linked to the secretory or autophagic pathway is neurodegenerative disorders, in particular Alzheimers disease (AD), Parkinson's disease, or amyotrophic lateral sclerosis (ALS) (Fan et al, 2008; Menzies et al, 2017; . One of the major characteristics of AD is the increased accumulation of amyloid β (Aβ) peptide, which is secreted and subsequently aggregates into extracellular Aβ plaques in AD brains. However, a role for intracellular accumulation of Aβ was suggested by the finding that mice lacking ATG7 exhibit defects in the secretion of Aβ (Nilsson et al, 2015; Nilsson et al, 2014; Nilsson et al, 2013) . Instead, Aβ accumulated within the cell and formed aggregates in the Golgi. This finding implies that intracellular Aβ accumulation may also contribute to disease progression. Notably, multivesicular bodies (MVB) were negative for Aβ, indicating that ATG7 regulates the transport between the Golgi and MVBs (Nilsson et al, 2015) . This tempts to speculate on why is autophagy required for the secretion of Aβ in the first line. This might represent a way for the cell to dispose aggregated (or aggregation prone) protein. This appears counterintuitive, because extracellular deposition of Aβ is a pathogenic factor in AD. The precise biologic relevance of this finding remains to be determined. A hallmark of AD neurons is the fragmentation of the Golgi apparatus, but it is still not fully clear whether this is pathologically relevant. Recent work suggests that this is the case (Joshi et al, 2015) . It is also unclear whether this phenotype is linked to the effects on autophagy, and this requires more intense research in the future.
Alpha-synuclein is a neuronal protein that has gained tremendous attention as a major player in the pathogenesis of Parkinson's Disease (Bendor et al, 2013) . Mutants of α-synuclein form aggregates and appear to disturb membrane-dependent processes. Using a yeast genetics screen to identify suppressors of α-synuclein toxicity, the small GTPase Ypt1 (Rab1 in mammals) was identified as a major hit (Cooper et al, 2006) . Because few other regulators of ER-to-Golgi trafficking were also found, the authors concluded that anterograde secretory 20 trafficking is a process likely to be disrupted by α-synuclein. This finding has later been corroborated in mammalian cells (Thayanidhi et al, 2010) . The current model is that αsynuclein affects the tethering and fusion of COPII vesicles. In addition, α-synuclein also potentially disrupts anterograde secretory trafficking within and from the Golgi, because it was found to bind to several Rab GTPases such as Rab8 and Rab3a (Dalfo et al, 2004) . In line with the notion that Rab1 is a multitasking protein that regulates both autophagy and secretion, is the observation that α-synuclein inhibits autophagy via inhibition of Rab1 activity, and mislocalization of ATG9 (Winslow et al, 2010) . Thus, the case of α-synuclein represents a good example for how both, autophagy and secretion, might be involved in pathology. Future work is needed to dissect the differential contribution of these two processes to the pathogenesis of Parkinson's disease. Another case that exhibits the autophagy-secretion link in PD comes from work on the Leucine-rich repeat kinase 2 (LRRK2). Recently, LRRK2 was shown to interact with Sec16A and to regulate its targeting to ERES (Cho et al, 2014) .
Disease causing mutations of LRRK2 perturbed Sec16A localization. LRRK2 appears to be a negative regulator of autophagy, because depletion of LRRK2 increased basal levels of autophagy (Manzoni, 2017) . Neurite outgrowth defects linked to mutant LRRK2 expression were dependent on autophagy (Manzoni, 2017) . It is unclear how exactly LRRK2 affects autophagy, but it will be interesting to understand how a protein that positively affects secretion, negatively affects autophagy. Understanding the biologic significance of this, will allow us to gain a deeper understanding of the role of LRRK2 in PD.
Amyotrophic lateral sclerosis (ALS) is an incurable neurodegenerative disease with a prominent and well-documented involvement of the autophagic and secretory pathways.
Mutations in superoxide dismutase are known to be involved in ALS pathogenesis (Rosen et al, 1993) . Motor neurons from mice expressing mutant SOD1 (SOD1 G93A ) were show to accumulate large autophagosomes containing ubiquitinated aggregates, indicating a defect in autophagy (Rudnick et al, 2017) . Deletion of ATG7, further accelerated neuronal cell death.
In support of the role of autophagy in ALS is the fact that several autophagy genes were found to causally underlie ALS (Cirulli et al, 2015) . Expression of mutant SOD1 was also shown to inhibit ER-to-Golgi trafficking (Atkin et al, 2014) and to deregulation of trafficking from the Golgi as well as a destabilization of microtubules at the Golgi, leading to fragmentation of this organelle (Bellouze et al, 2016; Haase & Rabouille, 2015) . These alterations of trafficking are thought to be linked to the ER stress found in neurons from ALS patients.
Given the prominent role of the autophagic and secretory pathway in ALS, it is surprising that only little is known about their crosstalk in disease pathology. Using a Caenorhabditis elegans model, the crosstalk between the cytohesin (an Arf-GEF) was found to interact with SOD1.
Inhibition of cytohesin activity, enhanced the autophagic flux and it reduced ER stress, thereby reducing the burden of mutant SOD1 expression (Zhai et al, 2015) . The mechanistic details behind this interesting observation need to be identified in future work. An interesting work by the Glimcher group showed that inhibition of ER stress (by XBP1 knockout) restored the autophagic flux, thereby clearing mutant SOD1 aggregates (Hetz et al, 2009 ). This points towards a crosstalk between ER stress and autophagy that can provide protection against neurodegeneration.
Concluding remarks
The investigation of the crosstalk between autophagy and the secretory pathway is an emerging field of research. Although significant work has already been done, we still lack mechanistic understanding of how this crosstalk works. For instance, multiple sites on the secretory pathway and multiple trafficking routs were shown to contribute to the biogenesis of autophagosomes. In light of this, it is unclear why the alteration of a single site/route has often such dramatic effects on autophagy. For instance, alterations of ER-PM contact sites strongly affects autophagy (Nascimbeni et al, 2017) , which is surprising because we would expect autophagosomes to still form ERES, omegasomes, ER-Mitochondria contact sites or the ERGIC. This raises the possibility that alterations of a single site for autophagosome biogenesis negatively affects the other sites as well. However, it is unclear at the moment whether ER-PM contact sites (or membrane contact sites in general) affect ERES or the ERGIC. Such an interdependent network of membrane may well exist as suggested by recent ultrastructural studies that demonstrate the existence of contact sites between the phagophore and late endosomes, Golgi complex and mitochondria (Biazik et al, 2015) . Likewise, it is unclear whether ER export activity affects the formation of contact sites between the ER and other membranes. Future work on autophagosome biogenesis will have to investigate the impact on more than a single nucleation site.
Few RNAi screens have been performed on either the autophagy or the secretory pathway. Despite yielding a large quantity of data, we are still far from a systematic understanding of the crosstalk between these two pathways (Farhan, 2015) . This indicates that more research is needed and that we need to combine loss of function screens (RNAi or 22 CRISPR) with chemical biology approaches. Recently, a small molecule screen has been conducted to identify stimulators of autophagy that were found to affect some of biologic responses that autophagy regulates (Kuo et al, 2015) . Hits from this screen could be used in combination with loss of function conditions to determine the impact on secretion. Moreover, dedicated screening approaches are necessary to investigate the crosstalk of autophagy and secretion.
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